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w' ; CONFIDENTIAL , j

This report; presents the basic formulas of lethal-area
calculation. The writer has primarily referred to various
reports published by the Ballistic Research Laboratories of •.
Aberdeen Proving Ground and the reader should refer to the"
rferences listed for further information on the various

!..1

NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE I

NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING

OF THE ESPIONAGE LAWS, TITLE 18, U.S.C., SECTIONS 793 and 794.' 1'
THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW
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Table of 3ymboln

&A Expected nuraber of hits on the target.

MI. =-Density of fragments normal to fragment path.

I'A PreAented arrA of tar-et normal to the fragment path.

:" Fragmenim per. unil area of the misaile surfaOe6

I= Height of burst.

I & Angle of fragment path frc ane vertlcal axis from the

ground.

. = Radius of a spherical missile.

- = Fragment distribution per unit area on a target normal
to the fragment path R units from the center of burst.

Sr Distance the fragment must travel from the center of

burst to the intended target.

Distance the fragment travels £rca the center of burst

I to the experimental target.

E Ccntribution to the kinetic energy of an exploding body
by a unit of explosive mass.

10 Sphericul coordinates.

rq = mass per unit volume of explosive,

" - Initial fragment velocity.

Velocity of the gases.

C z Total weight of explosive.

* '1 -M Total weight of fragments

y -- Gurney constant.

=J Drag force.

Mass of a fragmont-
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V Velocity.

A u Presented area of a fragment.

DA Doeitv of air.

Drag coefficient.

p '- Conditional probability that if a singlc fragment hit.
the target it will disable the targei.U-

Er = Expeoted number of disabling hits on tAh target.

Su- The probability that the target will be disabled.

N The number of targets disabled.

• O =Number of targets per unit area. 1
AL LethLl area.

Polar coordinates.

L "

*1 I

IJI1 !"
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INTRODUCTIO:N

1. The major function of any warhead is the elimination
of its intended taret The probability of accomplishing
this mission depends on the characteriatics of the weapon
system, the lethal potential of the w.rhead; and the rlmka-
tance of the target. A projectile which has pinpoint
accuracy ia obviously ueeleas ir the lethality of the
projectile i not enough to damage the target. Of course
the cnverse is also trues that the lethal potential of a
projectile is wasted if it does not reach the target. It
is therefore conaluded that a balance must be drawn to
produce the optimn design of a weapon system.

2. (he vital phase of weapon design which must be
c~sidered by the Ordnance designer is the determina.ion
of the lethality of the warhead aid its utilization with
other factors in the selection of optin design parameters.
The object of this report is to p.esent the basic formulae
necessary for- the calculation of a warhead's lethality.

3 _ A conn~nient 1" WV M144W IS. -..... I representative of

warhead's lethal potential is lethal area. Although lethal
area has the units of area. it does not have the physical
aignifioance of area. It perhaps could have been more
fittingly called "casualty index", since leIhal area muli-
plied by the nmnber of targets per unit area results in the
nu siber of targets disabled. It is expressed mathematically
axJPA where the limits of integration are determined
by terrain limitations.

4. The principatl use of lethal area in In comparing one
weapon system with another. This comparison may be made in
terms of lethal area per round, lethal area per pound, the
lethal area a system can produoe in a given amount of time,
etc. The comparison used will be determined by the tactical
situation most emuonly encountered with the weapon being
considered.

5. To calculate lethal area, certain information must
be known. The frap-tent distribution and the area of the
target must be known so that the expected nunber of hits on
th Larget can be determined. In addition, the impact
velocity of the fragment must be known. This requires a
knowledge of the initial fragment velocity and of the
velo-ity decay over the distance traveled by the fragment.

4
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7. For? ev air-ut ,sipereIpmoa be emi'esed as

SFrapsitu ew =it area or missile onarrace

z 2a-&ius of We. Ogrior

k w HeI&M or buret

as JIUS14 of frapent pL+Ih rron the V~rt~a 0& ,ei *A

8,Obviously Pp oa also be experimally desuia.I I
Moea wel '6 fbriatoil c;Ou is ildered gdyijo7@it

0tohkok Uthe h etial pret~ated fragment distrib~tica. ItI
is mtore AK1YsuImt in this can@ tfo "preu Aj go

x Q.WQ R A,(3)

w Pro-pet darl -tcn pa unit area anl
Urwu, nomal to tkie fragumt patk, R units1

R fron the oenter Pf burst

RaDicteaos the f6apait taveuls from the '

of burstto"bh.ajta targeptI

a -e~o th fhag emut trayel troom tke aeter
of aro totM nt0Aqd targe,

-. 1 9. Te avwag, pr.. mntsA;qe A _ of a kaN-aa toSat unpr "eted
'by material obstruction can DC approffmatea as

For t g rF"OU 1utev +tnD, A 3di4.;sq ft.
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10. In the prgeet_-iation of the above information two I

asemiptions were made that are not alwaya valid: I

I; (a) The velocity of the warhead is small in
camparison with the fragment velocity,

(b) The target is completely expceued to tho

I:fragment sry
"" 1 11. The assumptions were purposely m=de so that the

'! general approach of the report would not become mathemati-
tcally ver-comnplicated. it is possible, however, to include

Ithe above influence in it neat and orderly fashioxv(Ref 1).

FRGNINT VELOCITv

12,* One of the most tmportant paraeteors au.fotiag
lethal area is the striking velocity of the fragments upon
contacting the argeat To determine the strking veloity,-

| .. it .is necessary to know the initial fragment velocity and ,

the velocity decay along its trajectory.

F 13. The initial fragment velocity for a oonvoantioua'
shell is closely redictnd by the Gurney formula (Rof 2). 1
In his thesis Gurfey assmed that the contribution to the
kinetic energy, of the axplovi;-. gases and metal fragments
made by the detonation of each unit masn. of explosive in the
same in all types of projectiles.

14. Consider the application of this statement to a
spherical shell where A

Diagram 1

E, a Contribution to the kinetic energy i
by a unit of explosive mass.

a Sp'"rioal doordinates shown inI! . .... Diagram I.

M. Mass per unit volunaeo explosive.J

'~ !Initial fragment velocity.

V Velocity of the gases.

7
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*1i'} C = Total weight of explosive. 1

Inner radius of the sphere.

M = Total weight of fragments. "-1

There results ..

(5)
It is tacitly : tssa .ed th.t V i zero at the center of

the missile, equal to the frajgent velocity V# at the surface
of the missile, and varies l:' iearly between these two extreme
points. Mathematically, this statement can be 3;-,-pivsed as II

V,6)$ (6
) where O1p 1. i

d; in spherical coordi.LIte is II
dV ' Bi1cd (7) I

Substituting equations (6) and (7) in ,quatlon (5) there results V
f lo

LI, '
', Integ~~rating equati on (8) ,e' ze ,:

in C -- 1 I L". abo-, juation can :e exTpn'i:- ed as

(MVI
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* Solving for V0 •

11CI

Equation (I) gives the initial fragment velooty for a
Sspherical shell. if the same procedure 4,s folloed in oonsider-

in-- a cylindrical shell there results

Or4E +(la)

gure 4 is a graph of these functions.

15. The value Flis determined experimentAlly and varies
E, with lhea imlaxilve~. Valuesn* nacsmwaly used axeg

108 ive -=di

S-mp C3 8800 i/s
Comp B See0 r/o

16. An stated previously the Gurney formula in applioable in
the velocity analysis of a homogeneous shell. Reoent experiments
conducted to determine fragment velocity of shell with oqntrolled

fragment masses have resulted in vel oities as low as 7 of the
vaiue predited by the Gurney foa-mula. i.t1 V currently beliovod
that the raduood Pelocity 4- the result of gs blwvby% between the
fragments e This gas blow.-by occurs sooner with a controlled
fragment shin1l than with a conventional shell. since the oonven-
tiona! shell will atretohp due to its du ctility. and obtuhte th-
gases longer than the controlled fragment shell whioh posases iittle,
if any, shell strength. In utilizing the Gurney formula for heli
with cmntrolled fr&gients the designer should not bo tio
outUiii in ng lbtinLThoretioal calculated velocity,

SR....pe l i pubaisd v-ales whieh differ fro" the abonw=
liatrd values are presenuted in NIUMMRD Etport 2-025 titled -

Expflos ive CMiiprieou for Fragmntation !Effeativeiiess
! vust 1953. This report also given- alues fori7-he

Gurney eonitant for many other types of explosives. .1

OT9
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17. In addition to the initial fragment velocity, it is

neoessaxy to kncw the fragment velocity decay as a function
of the mass, share, and path of the fragment.

}I:, . .. 18. A mathe +tieal' expression for_ velocity decay is ( ulte,"""I. easily obtained by oonsidering Newton's Law of Action

ii

where

+ii " FJ- Drag Foroe

+s M]ass of the fragment

I : Velocity

I: E 'd is oOamonly expressed as'

I where

A .Presented ., '

6 a Density of air.

" Drag coefficient.

Substituting eq (14) in eq (13) there results

where

consider further that

S =dr .Vd e (1)

10ICONFIDETA
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Equation (1) becomes

eZV __ _(17)

Integrating

I,,¥ __ IgC

Where C,! is the constant oi integration

or V CL (19

From the initial condition t = O V 4 Vo  (20)

ko Vo " .

Equation 21 can also be expressed with a base 10 as

Itas e p r mupor on d tht a ood representative
.0093. (Rof 3).
Therefore

-60910 1A (22)

'where A-is in cgs units

Sain inf/u and r is i'nrt

t Table 1 &1 -i luc o A. rarious shaped frgmients.
Figure 5 is a plot of the velocity decay (Vr/Vo) for various
sized spheres.

C I T
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19. The user of Figure 5 nhould keep in mind that a -

oo-n -t drag coefficient was assumed in the plotting of the
curves , Provided frament veloci-y remains above Mach 1.6,
the ass~ption of a oonstawt drag coefficient will probably
satisfy most engineering applications...

" TARGET DAMAGE CRITERION

4 20. The roculting squatiois of the aubjc-ts discussed to
this point are Perfectly general and applicable to any type
of target. The type of target is introduced when 'h'e -bi er-

1 ability of the target to impacting fragment is conideredo
As an example of the mathematical treatment that is applied

to target vulnerability, the case of personnel targets will
be considered.it I 4.

21. Before recent exnerimentation,a humian target war.
considered incapacitated if it was struck with at least one
fragment having a kinetic energy of 58 foot-pounds or greater.
This has been superceded by a more refined and logical theory
(Ref 4 and 5* The present damage criterion is expressed as
the conditional probability (Phi) tiat a single fragaent will
disable the target and it is l unction o1 , where isL 4 A
the mass of the fragment, VY is the striking velocity of the

fragment, and A is the oross-seotional area of the fragment.
Furthermore, time irs introduced into the criterion by plotting
the probability of disabling the target within 5 seconds,
within 30 seconds, within 5 minutes, and within an unlimited
amount of time (Type B disablement).

2", The current antipersonne. disablement curves are
shown in Figure S. It can be readily observed that nothing
in terms of lethal potential is gained by allowis;L-
beoume rgreater than 2.5. Furthermore, no damage will iesult
iy is less than 1.0 *

23. Figure 7 graphically shows the differeno- between
the rOVYA criterion and the kinetic-energy criterioa for
disabling. For instance a I/16-diameter fragment ic on the
threshold of disabling if it has a fragment velocity of
4000 f/s or a kiratio energy ru 9 ft-lbs. Tho ,ame fragment
has nearly reached its lethality saturation valuo if it has
a velocity of 8000 f/s which corresponds to a kinetic energy
of 35 ft-lbs.

Tho Pkk curves presented in this report are by no means fixod
and are subject to change. Ond should therefore determine, prior
to aa analysis the status of the disablement criterion he intends
to uson

, 12
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{ LETIhAL AREA -7 .
o 24. is, as stated, t-e single-hit Probability of I

disabling the target. What is needed, however, i the over- I
all probability (denoted as ,) of disabling the target.
This will, in .effeot, uonsider the fact that the target will
reve a random, nTber of hitsi ten -AA Is the prob- 2
ability that a single hit will disable the target anA4 Ehis
the expected number of hits, the expected number o disabling

Tt The probability, P that the target will be disabled its
closely approximated by the Poisson probability function as

1-~

Figure 8 is a plot of thio fimction.

25. The number of targets disabled, Nj in detonating
a single missile is theng

where i - is the number of targets per unit area.",

if 'is onsidered constant, equation (25) oan be written

I ..

By rk rodefinition, the integral term is the letbal ar& A#.1
Hence

coo )2471

00* C O F D E T A
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If the fragment distribution has circular s9mmetry, the lethal
area can be expressed in polar coordinaters an

H J (28)
!0

26. In a practical problem, the limits of integra-
tion wil" not extend to infinity but will be governed by

the imposed terrain limitation Furthermore, Pr falls off, to zero M- -- finite Value of .

27. It should be pointed out that the .eth al areaa divided, by the physical area covered by fragments results in the
I . average probability of kill over the area covered by fragments

S....28. The basic information for the calculation of lethal
area has been presented in the foregoing sections.

such optimum design parameters as fragment sise, bomb fsi"e,
height of burst, etc. When all except one parameters are held
constant, the variation in -lethal area can be determined as a
function of the varied parameter and an optimum value for this
parameter can be established.

14
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_ _pi .',Ajppendix

The following problem in offered to illustrate the use of
the computing form (Table 2), - "

Givent A

A three-noh-diameter missile with 1/4-inoh-d!ameteJ
Lj steel fragments.

u220.O grans
435.0 gram .

44 o300 (ogf. units)

Explosive TNT

To Find, i

The lethal area of the missile ounsidering a 15-ft I

erraiii .t-t n, Type B disablement, and ground-burst

functioning.

The numnber of fragments per square inch of missile surface
can be approximated by the formula where d is the diameter
of~ __p -VAf~t .'

?lttn RR Ft.'i+

The rest of the form is filled out as indicated by thej column heads.

The symbol : in used by the author an a notation Indica--ting integrationl-y the trapezoidal rule.

Diagrammatioallys

Column Goilmn
_ _ _ j J1

Sal 2&2 it2f 3  -
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, TABLE I ,

t te

| ~Random Steel Fragments i:

Rectanglar Steel Fra~ents, t at _ .

A ., 6

I 17 TABLE 1

A r VffJ HAE Fn

eel Cube

A '= rA'

__ __ _ __ __ _ __ __ _ __ __ _

(CgsF F.;.e ofIMit
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ITUTU 2 1
ZETUL AREt& ULUIATrxwi FTABi.

4' LIF 1 (PS M 4-
,Iv. E1X p( , PA. l

1.1 1.00 497O15.05K .72 [ I I
I I: 4970. o5 81.5 1.00 6*28 8s28 .AO41!

J1000 4970 5605 I 20ag 1*00 J2.56 25.1 12.5Ljj3 I( !! tI(
3 .990 4950 5.00 90 1.00 8,80 56*4 289,

4 . .980 4870 4*95 5.07 1.00 25.1 00 .

I. 1480 I4o93 1 3.26 .960 30,2 156,6:

- 9 47o 485 lm. 80 351 880.1

a 9 4750 4*83 .27 .710 35.7 58*9 79.5

O= A -ou A@U o.L.UI .0% 4* d14.7A

-- (i -[-- -...-. - -- dI10 .945 4700 4 ,7? .814 .530 333 97. 5 48.8

.111 0935 4650 4.75 I *f70 *45 31A4 562.2 81.

112 o930 4630 4,70 45$641 -400 I30.21623.8 1119

J 13 4600 4.67 .482 .3 r0 18.8 182.8 41.._( .... .I I
S9204570 .414 .310 272736

A 369.25 
.f2
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